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[57] ABSTRACT

An electric-motor regenerative fuel pump that includes
a housing with a fuel inlet and a fuel outlet, and an
electric motor with a rotor responsive to application of
electrical power for rotating within the housing. A
pump mechanism includes an impeller coupled to the
rotor for corotation therewith and having a periphery
with a circumferential array of open impeller vanes. An
arcuate pumping channel surrounds the impeller pe-
riphery, and is operatively coupled by inlet and outlet
ports at opposed ends of the channel to the inlet and
outlet in the pump housing. The pumping channel has a
circumferential array of radially curved grooves axially
opposed to the impeller periphery and extending radi-
ally inwardly from the impeller vanes. A circumferen-
tial rib extends radially into the pumping channel op-
posed to the impeller periphery, and has arcuate dimen-
sion within the channel that coincides with the dimen-
sion of the channel groove array.

26 Claims, 3 Drawing Sheets

13 20
2 I~ 4
z 2 5:8,,/,.,/:?,6, L
| N & 25 42
2 W/ /1% Z 7/ 40
% \ I I .
N [ T 2 R
” = \
6 q ,
%2 oI 'mnu-j= "@\\‘1 l‘\‘\m“ Z
% i ) 7 o7
2= 8
il




5,257,916

Sheet 1 of 3

—l
R
Q
w _
~J
»-]\ |
7~
\
S

Nov. 2, 1993

U.S. Patent




U.S. Patent Nov. 2, 1993 Sheet 2 of 3 5,257,916

L4

4




U.S. Patent Nov. 2, 1993 Sheet 3 of 3 5,257,916




5,257,916

1
REGENERATIVE FUEL PUMP

The present invention is directed to electric-motor
fuel pumps, and more particularly to a regenerative fuel
pump for automotive engine and like applications.

BACKGROUND AND OBJECTS OF THE
INVENTION

Electric-motor regenerative pumps have heretofore
been proposed and employed in automotive fuel deliv-
ery systems. Pumps of this character typically include a
housing adapted to be immersed in a fuel supply tank
with an inlet for drawing fuel from the surrounding tank
and an outlet for feeding fuel under pressure to the
engine. An electric motor includes a rotor mounted for
rotation within the housing and connected to a source
of electrical energy for driving the rotor about its axis of
rotation. An impeller is coupled to the rotor for corota-
tion therewith, and has a circumferential array of vanes
around the periphery of the impeller. An arcuate pump-
ing channel with an inlet port and an outlet port at
opposed ends surrounds the impeller periphery for de-
veloping fuel pressure through a vortex-like action be-
tween the pockets formed by the impeller vanes and the
surrounding channel. One example of a fuel pump of
this type is illustrated in U.S. Pat. No. 3,259,072.

Fuel pumps of this character are subject to a number
of design criteria for automotive applications. For ex-
ample, the fuel pump may be required to deliver fuel at
or above a minimum specified flow rate at specified
pressure under nominal or normal operating conditions
of temperature and battery voltage. The fuel pump may
also be required to deliver a specified pressure and mini-
mum flow under low battery voltage conditions, which
may occur when it is attempted to start an engine at
extremely low temperature. Another design require-
ment may be to deliver fuel at specified flow rate and
minimum pressure under high temperature conditions in
which vapor from the hot fuel can play a significant
role. Design features and parameters intended to im-
prove performance under some operating conditions
can deleteriously affect operation under other condi-
tions.

A general object of the present invention is to pro-
vide an electric-motor regenerative fuel pump of the
described character that features improved perfor-
mance under a variety of operating conditions, includ-
ing normal operating conditions, cold starting condi-
tions and hot fuel handling conditions as described
above. Another object of the present invention is to
provide a pump of the described character that is quiet,
economical to manufacture and assemble, and achieves
consistent and reliable performance over an extended
operating lifetime.

SUMMARY OF THE INVENTION

An electric-motor regenerative fuel pump in accor-
dance with the present invention includes a housing
having a fuel inlet and a fuel outlet, and an electric
motor with a rotor responsive to application of electri-
cal power for rotation within the housing. A pump
mechanism includes an impeller coupled to the rotor for
corotation therewith and a circumferential array of
vanes extending around the periphery of the impeller.
An arcuate pumping channel surrounds the impeller
periphery, and is operatively coupled to the fuel inlet
and outlet of the housing for delivering fuel under pres-
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sure to the housing outlet. The pumping channel has a
circumferential array of radial grooves that form chan-
nel vanes between the grooves axially opposed to the
impeller periphery. The channel grooves extend radi-
ally inwardly of the impeller vanes, and have been
found to provide enhanced pump performance, particu-
larly under hot fuel conditions. Although the reasons
for the improved performance provided by the channel
grooves and vanes are not fully understood, it is be-
lieved that the channel vanes create turbulence and
reduce velocity of the fuel as the fuel is pumped
through the arcuate pumping channel, enhancing vor-
tex action and/or regenerative pumping action on the
fuel, especially at low voltage and pump speed condi-
tions.

In the preferred embodiment of the invention, the
circumferential array of channel grooves extends only
partway around the arcuate pumping channel, being
disposed adjacent to the outlet port at the downstream
end of the pumping channel. The upstream end of the
pumping channel adjacent to the inlet port is of substan-
tially constant cross section (i.e., no channel grooves),
with the average cross sectional area of the downstream
region of the pumping channel with the channel vanes
being greater than the cross sectional area of the up-
stream channel region. A vapor port opens into the
upstream region of the pumping channel immediately
adjacent to the downstream region. The channel
grooves, and the channel vanes between the channel
grooves, preferably are angulated radially in a direction
opposed to rotation of the impeller. In the preferred
embodiment of the invention, the channel grooves and
vanes are of arcuate geometry radially of the impeller,
and have a depth in the axial direction that increases
radially inwardly of the impeller periphery. The por-
tions of the channel grooves that extend radially in-
wardly of the impeller vanes have a radial dimension
that is substantially equal to the radial dimension of the
impeller vanes themselves.

In the preferred embodiment of the invention, a rib
extends radially into the arcuate pumping channel op-
posed to the impeller periphery. Both the rib and the
array of channel grooves extend partway around the
pumping channel adjacent to the outlet port, the ribs
and array being of substantially identical angular dimen-
sion. Preferably, the impeller vanes comprise so-called
open vanes in which the bottom surface of each vane
pocket formed in one axial face of the impeller inter-
sects the bottom surface of the axially adjacent pocket
in the opposing impeller face radially inwardly of the
impeller periphery. The impeller pockets in the pre-
ferred embodiment of the invention are of curvilinear
concave construction. The combination of this open
vane impeller construction, the radial channel rib and
the radial channel grooves adjacent to the outlet port of
the pumping channel has been found to yield enhanced
cold starting performance and hot fuel handling perfor-
mance, while meeting or exceeding desired minimum
performance characteristics at normal operating condi-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with additional objects, fea-
tures and advantages thereof, will be best understood
from the following description, the appended claims
and the accompanying drawings in which:
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FIG. 1is a sectional view in side elevation illustrating
an electric-motor fuel pump in accordance with a pres-
ently preferred embodiment of the invention;

FIG. 2 is a side elevational view of the inside face of
the pump inlet end cap/side plate, being taken substan-
tially along the line 2—2 in FIG. 1,

FIG. 3 is a fragmentary view on an enlarged scale of
the portion of FIG. 2 within the circle 3;

FIGS. 4-6 are fragmentary sectional views taken
substantially along the respective lines 4—4, 5—5 and
6—6 in FIGS. 2 and 3;

FIG. 7 is a side elevational view of the pump impeller
in the preferred embodiment of FIG. 1, being taken
substantially along the line 7—7 in FIG. 2;

FIG. 8 is a side elevational view of the inside face of
the inner side plate in the pump of FIG. 1, being taken
substantially along the line 8—8 in FIG. 1;

FIG. 9 is a fragmentary sectional view taken substan-
tially along the line 9—9 in FIG. 8; ]

FIGS. 10-12 are fragmentary sectional views of the
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pump mechanism, being taken substantially at the angu- -

lar positions 10—10, 11—11 and 12—12 in FIG. 8; and

FIG. 13 is a side elevational view of the impeller
guide ring, being taken substantially along the line
13—13in FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

FIG. 1 illustrates an electric-motor fuel pump 20 in
accordance with a presently preferred embodiment of
the invention as comprising a housing 22 formed by a
cylindrical case 24 that joins axially spaced inlet and
outlet end caps 26,28. An electric motor 30 is formed by
a rotor 32 journaled by a shaft 34 for rotation within
housing 22, and by a surrounding permanent magnet
stator 36. Brushes 38 are disposed within outlet end cap
28 and electrically connected to terminals 40 positioned
externally of end cap 28. Brushes 38 are urged by
springs 42 into electrical sliding contact with a commu-
tator plate 44 carried by rotor 32 and shaft 34 within
housing 12. To the extent thus far described, pump 10 is
generally similar to those disclosed in U.S. Pat. Nos.
4,352,641, 4,500,270 and 4,596,519.

The pump mechanism 46 of pump 20 includes an
impeller 48 coupled to shaft 34 by a wire 50 for corota-
tion therewith. An arcuate pumping channel 52 circum-
ferentially surrounds the periphery of impeller 48, and is
formed by inlet end cap 26 and a plate 54 on the oppo-
site side of impeller 48, which thus form the impeller
side plates, and by a ring 80 that is sandwiched in assem-
bly between plates 26,54 surrounding impelier 48.
Pumping channel 50 has an axially opening inlet port 56
at one end connected to the inlet 58 that projects from
end cap/side plate 26, and has an axially opening outlet
port 60 at the opposing end through plate 54 to the
interior of housing 22. Fuel is thereby pumped by impel-
ler 48 from inlet 58 through housing 22 to an outlet on
end cap 28.

Side plates 26,54 are illustrated in greater detail in
FIGS. 2 and 8 respectively, and in the fragmentary
views of FIGS. 3-6 and 9. Arcuate pumping channel 52
is defined in part by an arcuate channel section 62 on the
flat inside face 64 of end cap/side plate 26. As shown in
FIG. 2, channel section 62 extends from inlet port 56
around face 64 at constant radius from the central axis
66 of the pump/motor, to a pocket 68 angularly adja-
cent to but spaced from inlet port 58. A circumferential
array of generally radially oriented arcuate grooves 70
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4
are formed in face 64 and extend radially inwardly from
channel section 62. Each groove 70 widens axially as it
extends radially inwardly from channel section 62, as
best seen in FIG. 4. The array of grooves 70 extends
over less than the entire arcuate length of channel sec-
tion 62, from adjacent pocket 68 over about one-half of
the channel length. A vapor port 72 opens to channel
section 62 adjacent to the leading edge of grooves
70—i.e., at the edge of the groove array proximate to
inlet port 56. There is thus formed, in effect, a two-
region channel section 62 that includes a first or up-
stream region 74 adjacent to inlet port 56, and a second
or downstream region 76 adjacent to pocket 68.
Grooves 70 are curved in a direction opposed to travel
from inlet port 56 to pocket 68. As best seen in FIG. 5,
cach groove 70 is of stepped cross sectional counter,
having a leading upstream relatively shallow portion 78
and a deeper downstream portion 80. -

Pumping channel 52 is also defined in part by an
arcuate channel section 62a that extends between outlet
port 60 and a pocket 68a in the inner face 64a of side
plate 54 (FIGS. 8-9). In assembly, the notches 81,81a in
end cap/side plate 26 and side plate 54 are aligned so
that pocket 684 in side plate 54 opposes inlet port 56 in
side plate 26, and pocket 68 in side plate 26 opposes
outlet port 60 in side plate 54. With the exception of
vapor port 72 in end cap/side plate 26, which finds no
correspondence in side plate 54, the arrangement of
channels and grooves in side plate 54 is the mirror
image of that in side plate 26, and the corresponding
elements in FIG. 8 are indicated by correspondingly
identical reference numerals followed by the suffix “a”.

Pumping channel 52 is also defined in part by the
impeller guide ring 80 (FIGS. 1 and 13) that is sand-
wiched in assembly between end cap/side plate 26 and
interior side plate 54 radially surrounding impeller 48.
Ring 80 has a radially inwardly projecting rib 82 that
extends to the periphery of impeller 48, being spaced
therefrom only sufficiently to permit rotation of the
impeller without contact with the ring. Rib 82 is axially
centrally disposed between the side plates, and has an
arcuate dimension coextensive in assembly with the
mirror image arrays of channel grooves 70,70¢ in side
plates 26,54. That is, rib 82 does not extend into the
channel section defined by upstream portions 74,74q,
and does not overlie or obstruct outflow of fuel through
outlet port 60. A notch 815 (FIG. 13) in ring 80 cooper-
ates with notch 81 in plate 26 and notch 81a in plate 54
to align the components in assembly.

Impeller 48 comprises a flat disk having radially pro-
jecting vanes 84 (FIG. 7) of uniform thickness and an-
gular spacing, and having outer edges that define the
periphery of the impeller concentric with axis 66. Be-
tween each pair of vanes 84, a rib 86 projects radially
outwardly, terminating short of the impeller periphery
in a rounded radially outer edge 88. All ribs 86 are
identical and disposed centrally of the impeller body,
and outer edges 88 are concentric with axis 66. Vanes 84
and ribs 86 thus form circumferential arrays of axially
and radially open pockets at the peripheral edge of each
impeller side face. Impeller 48 is a so-called open vane
impeller in which the bottom surface 90 (FIG. 10) of
each vane pocket formed on one axial impeller face
intersects the bottom surface 92 of the pocket formed on
the opposing face, the two surfaces meeting at rounded
rib outer edge 88. Preferably, each rib 86 has a maxi-
mum radial dimension equal to about two-thirds of the
maximum radial dimension of the vanes 84.
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In assembly of end cap/side plate 26, interior side
plate 54, ring 80 and impeller 48, there is thus formed
pumping channel 52 having a first arcuate segment
formed by channel regions 74,74a of constant cross
sectional area extending from inlet port 56, and a second
arcuate channel segment formed by channel regions
76,76a adjacent to outlet port 60 in which the channel
grooves 70,70a and the ring rib 82 are disposed. The
average cross sectional area of the channel segment
formed by regions 76,76a is greater than the cross sec-
tional area of the channel segment formed by regions
74,74a. In a working embodiment of the invention, by
way of example, the cross sectional area of the down-
stream channel segment formed by regions 76,76a var-
ies between 10.12mm? at channel grooves 70,70a, and
4.29mm? between adjacent channel grooves 70,70a.
Taking cord length into consideration, the average
cross sectional area is 7.22mm?, as compared with a
cross sectional area of 6.34mm?2 in the upstream channel
region defined by channel segments 74,74a. In opera-
tion, impeller 48 pumps fuel from inlet port 56 around
pumping channel 52 to outlet port 60 by the vortex and
regenerative pumping action characteristic of this type
of pump.

The fuel pump herein disclosed has been found to
exhibit superior cold starting and hot fuel handling
performance. Provision of the channel vanes formed by
grooves 70,70a, in combination with the open vane
construction of impeller 48, has been found dramati-
cally to improve cold starting performance and substan-
tially to improve hot fuel handling capabilities. Provi-
sion of rib 86, in combination with the open vane con-
struction of impeller 48, has been found to improve hot
fuel handling capabilities and substantially to improve
cold starting performance. The combination of all three
elements—i.e., the channel vanes formed by grooves
70,704, rib 86 and the open vane construction of impel-
ler 48—dramatically increases both cold starting perfor-
mance and hot fuel handling capabilities over pump
constructions not having these elements, without signif-
icantly detracting from performance under normal con-
ditions. The stepped cross section of grooves 70,70z
(best seen in FIG. 5) has been found to improve perfor-
mance over channel grooves of uniform cross section. It
is believed that fluid enters each channel 70,70¢ moving
radially inwardly along the deeper channel portion 80,
and then exits the channels by moving radially out-
wardly along shallower portion 78. The angle (FIG. 4)
of portion 78 is such as to guide the fluid back into the
open impeller vanes. The impeller, ring and side plates
may be molded of desired composition, such as ceramic.

I claim:

1. An electric-motor fuel pump that comprises:

a housing including a fuel inlet and a fuel outlet,

an electric motor including a rotor and means for

applying electrical energy to said motor to rotate
said rotor within said housing, and

pump means including an impeller coupled to said

motor for corotation therewith and having a pe-
riphery with a circumferential array of vanes, and
means forming an arcuate pumping channel sur-
rounding said impeller periphery and coupled to
said inlet and outlet,

said pumping channel including a circumferential

array of radial grooves axially opposed to said
impeller periphery, said channel grooves extending
radially inwardly of said impeller vanes.
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2. The pump set forth in claim 1 wherein said circum-
ferential array of channel grooves extends partway
around said pumping channel for less than the entire
arcuate length of said pumping channel.

3. The pump set forth in claim 2 wherein said means
forming said pumping channel includes means forming
channel inlet and outlet ports at opposed ends of said
arcuate channel, said array of radial channel grooves
being disposed adjacent to said outlet port.

4. The pump set forth in claim 3 wherein said pump-
ing channel has a first arcuate region adjacent to said
inlet port of substantially constant cross section and a
second arcuate region adjacent to said outlet port in
which said channel grooves are disposed, average cross
sectional area of said second region being greater than
cross sectional area of said first region.

5. The pump set forth in claim 4 wherein said means
forming said pumping channel further includes means
forming a vapor port opening into said first region adja-
cent to said second region.

6. The pump set forth in claim § wherein said second
region comprises substantially one-half of the arcuate
dimension of said pumping channel.

7. The pump set forth in claim 1 wherein said channel
grooves are angulated radially in a direction opposed to
direction of rotation of said impeller.

8. The pump set forth in claim 7 wherein said channel
grooves are of arcuate geometry radially of said impel-
ler.

9. The pump set forth in claim 8 wherein axial depth
of said channel grooves increases radially inwardly of
said impeller periphery.

10. The pump set forth in claim 8 wherein said impel-
ler vanes are of uniform radial dimension, and wherein
said channel grooves extend radially inwardly of said
impeller vanes a distance substantially equal to said
radial dimension.

11. The pump set forth in claim 1 wherein said cir-
cumferential array of radial grooves comprises first and
second arrays of said radial grooves on axially opposed
sides of said channel, said first and second arrays being
mirror images of each other.

12. The pump set forth in claim 1 wherein said means
forming said arcuate pumping channel includes a cir-
cumferential rib that extends radially into said channel
opposed to said impeller periphery.

13. The pump set forth in claim 12 wherein both said
circumferential array of channel grooves and said rib
circumferential extend partway around said pumping
channel for less than the entire arcuate length of said
pumping channel.

14. The pump set forth in claim 13 wherein said
means forming said pumping channel includes channel
inlet and outlet ports at opposed ends of said pumping
channel, both said array of channel grooves and said rib
being disposed adjacent to said outlet port.

15. The pump set forth in claim 14 wherein said array
of radial channel grooves and said rib are of substan-
tially identical arcuate dimension.

16. The pump set forth in claim 1 wherein said plural-
ity of vanes on said impeller comprise open vanes.

17. The pump set forth in claim 16 wherein said open
vanes comprise circumferential arrays of axially facing
pockets on opposed axial side faces of said rotor, each
said pocket on each said face opening within said pe-
riphery to an axially adjacent pocket on the opposing
said face.
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18. The pump set forth in claim 17 wherein said im-
peller has a circumferential rib between adjacent vanes
that separates axially adjacent pockets from each other,
said rib having a radially outer edge disposed within
said periphery.

19. The pump set forth in claim 18 wherein said radi-
ally outer edge is of generally uniform radial dimension.

20. The pump set forth in claim 18 wherein each said
pocket is of curvilinear arcuate construction.

21. An electric-motor fuel pump that comprises:

a housing including a fuel inlet and a fuel outlet,

an electric motor including a rotor and means for

applying electrical energy to said motor to rotate
said rotor within said housing, and

pump means including an impeller coupled to said

rotor for corotation therewith and having a periph-
ery with a circumferential array of open vanes, and
means forming an arcuate pumping channel sur-
rounding said impeller periphery and coupled to
said inlet and outlet,

said pumping channel including a circumferential

array of radial channel grooves axially opposed to
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said impeller periphery, said channel grooves ex-
tending radially inwardly of said impeller vanes,
said means forming said arcuate pumping channel
further including a circumferential rib that cen-
trally extends radially into said channel opposed to
said impeller periphery.
22. The pump set forth in claim 21 wherein both said
circumferential array of channel grooves and said rib
extend part way around said pumping channel for less

than the entire arcuate length of said pumping channel.

23. The pump set forth in claim 22 wherein said
means forming said pumping channel includes channel
inlet and outlet ports at opposed ends of said pumping
channel, both said array of channel grooves and said rib
being disposed adjacent to said outlet port.

24. The pump set forth in claim 23 wherein said array
of radial channel grooves and said rib are of substan-
tially identical arcuate dimension.

25. The pump set forth in claim 24 wherem said chan-

nel grooves are angulated radially in a direction op-
posed to direction of rotation of said impeller.

26. The pump set forth in claim 25 wherein said chan-
nel grooves are of arcuate geometry radially of said
impeller.
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